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Abstract: In the complex Ocean environment, wind load is the most important factor that should be addressed in
the design of jack-up platforms. Although many efforts have been made to analyze the dynamics of jack-up platforms
considering wind load effect, literature review shows that very limited work has been done to address the calculation
of the wind load coefficient of each individual key component in a platform. Moreover, the influence of different
wind speeds and directions under different working conditions of the platforms is not discussed clearly. To this avail,
this paper investigates the wind load effect on the key components in a 400 ft jack-up offshore platform under three
design conditions through normative calculation, numerical simulation and wind tunnel test. The wind force and
torque of each key component (such as the crane, pile leg, and main hull) were obtained to calculate its wind load
coefficient. The change rule of the wind load coefficient with different wind speeds and directions was discussed.
The calculation results of the numerical simulation agreed well with these of the wind tunnel test, while the normative
calculation results did not. The findings of this study may provide a basis for optimal design of jack-up offshore
platforms.
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1. Introduction
In marine operation environments, a jack-up offshore platform is subjected to loads from wind, waves, and
currents. Wind load is among the most important factor that influences the design of the platform with respect to
operation safety, reliability and stability [1]. Therefore, it is imperative to meet the design criteria of the wind load
on jack-up offshore platforms.
At present, in the design of jack-up platforms the calculation of the wind load in China is mainly based on the
regulations provided by the China Classification Society (CCS). Design parameters such as the shape factor and
height coefficient often adopt empirical values. As a result, the designed safety factor is always conservatively higher
than the actual value [2]. Boonstra and Marcon [3] conducted on-site measurement of a wind load on a semisubmersible platform in the North Sea and recorded more than 300 wind datasets. The results showed that the
measured wind load was only 50% of the calculated value. Egon and Svenn [4] conducted a wind tunnel test on a
semi-submersible platform, and the test results were also smaller than the American Bureau of Shipping (ABS)
specification [5].
With crucial concern on optimal design of jack-up platforms, an unsolved challenge is to meet the wind load
requirements on the structural safety and reliability by optimizing the platform parameters such as size and weight.
An effective solution to address this challenge is to calculate the wind load to set suitable platform parameters. Three
techniques are developed to pursue this goal; that is, numerical simulation, wind tunnel test, and on-site observation
[6]. On-site observation is time-consuming, labor-intensive and costly, and this technique cannot control the
operation conditions of a real-world platform. Alternatively, wind tunnel test and numerical simulation can be used

to investigate the effect of a specific factor, such as the wind load, on the dynamic response of the platform. As early
as the 19th century, scale models were used to analyze the force of building structures [7]. With the development of
computer science, nowadays the simulation technique is able to investigate detailed effect of a specific operation
condition of the platforms. Gomathinayagam et al. [8] calculated the extreme wind loads and impact loads on the
coastal deck structures, and introduced the typical vibration modes and structural response characteristics of the
platform derricks and inclined jibs. Cassidy et al. [9] studied the model for dynamic evaluation of jack-up rigs,
focusing on the long-term response of jack-up rigs under random waves. Based on ANSYS software, Chen [10] used
ANSYS static and modal analysis to analyze the modal vibration characteristics, force characteristics and wind and
wave resistance of the jack-up platform. For the South China Sea deep-water platform, Shi and Liu [1] used the
program calculation and FULENT simulation to analyze the wind load and the influence of different wind direction
angles. Zhu et al. [11, 12] took a semi-submersible platform as the research object and carried out wind load
numerical simulation and wind tunnel test to analyze the wind pressure distribution, shape factor and overall wind
load of the platform. Gong [13] simulated the wind load and wave load under the coupled effect of the wind and
wave using ANSYS and AQWA software for a 3000 m deep-water semi-submersible platform.
Recently the jack-up platform attracts considerable attentions. Jack-up platform has been widely used because
of its strong adaptability and good working stability. Michael and Charles [14] used the Drag-Inertia time domain
method to calculate the dynamic amplification factor of a jack-up platform. Lin et al. [6] conducted ANSYS CFX
numerical simulation and wind tunnel test to calculate the wind load of a 400 ft jack-up drilling platform. Chen et
al. [15] carried out experimental study on the static model of a jack-up drilling platform in a wind tunnel laboratory
and compared the experimental result with the normative calculation result. Zhang and Huang [16] applied the Fluent
and ANSYS Workbench platforms to study the time history of jack-up rigs under extreme wave loads. Mirzadeh et
al. [17] presented the results of a nonlinear dynamic analysis of a jack-up platform and explored the effects of
directionality and randomness of the waves on the overall structural performance of the jack-up drilling platform.
Cao et al. [18] established a three-dimensional model of the truss jack-up crane based on ANSYS. The models were
analyzed under different sizes and load parameters, and the sensitivity of these parameters to the dynamic response
of the jack-up platform was discussed. Bogdan et al. [19] studied the first-order sensitivity and time-invariant
reliability method of the drilling platform under the action of wind and wave load, and found that the changes of
each random variable have greatly different effects on the reliability of the drilling platform and the structure. Zhang
et al. [20] used ANASYS/AQWA module to conduct hydrodynamic response analysis on the mooring characteristics
of the platform, and found that the change of pre-tension of the platform had a certain influence on the platform, and
a large change of initial pre-tension would increase the possibility of mooring cable fracture. Rozmarynowski [21]
performed the short-term dynamic response analysis of a drilling platform using the one-dimensional wave spectrum
method; the modified Morison equation was used to assess the in-line wave forces of the jack-up platform. Wang et
al. [22] proposed an evaluation method for a green jack-up drilling platform (GJDP) based on the improved grey
correlation analysis (IGCA). Tian et al. [23] analyzed the hydrodynamic coefficient of a jack-up platform, and the
influence of scale ratio, rack and incidence angle on hydrodynamic coefficient was experimentally studied. The
results showed that the scale ratio, rack and incident angles have great effect on the hydrodynamic characteristics.
Literature review indicates that the numerical simulation and wind tunnel test can calculate the wind load of the jackup offshore platforms with high feasibility, precision and efficiency. However, for the wind load research of offshore
platforms, most of them focused on the dynamic response, strength validation and storm map; while very little
addressed wind load coefficients for the key components in the platforms considering the influence of different wind
speeds and directions.
In order to address the aforementioned issue, this paper calculates the wind loads of a 400-ft jack-up offshore
platform under three design conditions (i.e., normal operation, self-existence and towing) using numerical simulation
and wind tunnel test. The calculation results are compared with NAPA code calculation. The analysis results
demonstrate the changing rule of the wind load coefficients of the key components and the shadowing effect between

different platform components.

2. Normative calculation
2.1 Modelling of a jack-up platform
First of all, the normative calculation was implemented for a jack-up platform and the calculation result was
used as the benchmark for the simulation and experimental evaluation. The platform was a three-legged cantilever
beam, as shown in Fig. 1. The main body of the platform was a box-shaped structure, the plane shape was close to a
triangle, the triangular truss-type pile was adopted for the legs, and the pile boots were retracted into the platform
body during towing. The main parameters of the platform and the design conditions are shown in Table 1 and Table
2, respectively.

Fig. 1. Schematic diagram of the 400 ft jack-up offshore platform.
Table 1. Main parameters of the 400 ft jack-up offshore platform
Length

Width

Deep

Leg length

71.4 m

68.0 m

9.2 m

170 m

Cantilever

Cantilever

Derrick

length

height

height

54.7 m

9.0 m

54.7 m

Table 2. Design conditions of the 400 ft jack-up offshore platform
Water

Wave

Working condition

Wind
Wave period

Flow rate

Air gap

36 m/s

0.77 m/s

15.5 m

15.5 s

51.5 m/s

0.77 m/s

15.5 m

17 m

14 s

36 m/s

0.77 m/s

15.5 m

18.5 m

15.5 s

51.5 m/s

0.77 m/s

15.5 m

depth

height

speed

Operating

122 m

17 m

14 s

Self-existence

122 m

18.5 m

122 m
122 m

Towing

The 400 ft jack-up offshore platform was modelled by the NAPA software according to the geometric

parameters in Table 1, as shown in Fig. 2. In the range of 0-360°, the angle of wind load was calculated at an interval
of 30°. The wind load specification values calculated at each angle will be used in the numerical simulation.

Fig. 2. Established platform model.

2.2 Normative calculation result
According to ABS regulations [5, 24-26], the wind pressure P is calculated as follows:
P=


2

(1)

V2

where V is the designated wind speed (m/s) and ρ is the air density (kg/m3).
The wind force F acting on the platform structure should be calculated as follows:
F = Ch  Cs  S  P

(2)

where S (m2) is the orthographic projection area of the wind receiving member when the platform is in a flat or
inclined state, Ch is the height coefficient of the member exposed to the wind, and Cs is the shape factor of the
member exposed to the wind, which can be selected according to Boonstra and Marcon [3]. The empirical value is
selected according to the height of the member from the sea surface and the size and shape of each designed member,
as shown in Table 3.
Table 3. Empirical values of Ch and Cs
Pile leg
Empirical

Cantilever
Main hull

Crane

values

Derrick

Drilling

Above main

Below

hull

main hull

beam

Ch

1.2

1.2

1.1

1.25

1.1

1.2

1.3

Cs

1.0

1.5

1.0

1.3

1.0

1.0

1.3

The projected area of each angle of the jack-up offshore platform is derived according to the NAPA software, and
then its wind load is calculated by Equation 2. The calculation result of each component in the platform is shown in

Fig. 3.

(a)

(b)

Fig. 3. Calculated values of wind load specifications for each component of the platform under (a) normal operation and (b) storm
self-existence condition.

Based on the calculation results of six components in the platform in Fig. 3, the overall wind load specification
of the jack-up platform can be calculated by summing the six calculations. Fig. 4 (a) and (b) shows the normative
calculation of the wind load under normal operating and self-existence conditions, respectively.

(a)

(b)

Fig. 4. Normative calculation values of the overall wind load specification of the platform under (a) normal operating and (b)
self-existence conditions

It can be seen from Fig. 4 that in these two design conditions, the minimum values of the wind force appear at
0° and 180° of the wind direction angles, while the maximum values appear at 60° and 120°. The minimum normative
values of the wind torque locate at 90° and 270° while the maximums are at 60° and 120°. The reason to these results
is that at 90° and 270° the overall height of the platform is slightly affected by the wind and the crane arm.
When calculate the wind load based on the classification society rules, the area projection method is adopted.
The shape coefficient and the height coefficient of each component use empirical values, and the shadowing effect
and acceleration effect generated between the components are not considered. Therefore, the results are conservative.

3. Numerical simulation
ANSYS-CFX is a high-performance computational fluid dynamics analysis tool. In this study ANSYS CFX
was used to simulate and calculate the wind lode for the 400-ft jack-up offshore platform. In the simulation the wind
load was calculated with an interval of 30° within 360° of the wind direction for the key components of the platform
in different design conditions. Each proportion of the wind force of each key component was summed up as the
overall force of the platform. The shadowing effect among the platform components was considered in the simulation.
The ANSYS simulation coordinate system and wind direction angle layout are shown in Fig. 5.

Fig. 5. Simulation coordinate system and wind direction angle layout.

3.1 Finite element model verification
In the numerical simulation, the selection of the turbulence model and the mesh quality are the most important
factors affecting the calculation results. In order to ensure the calculation correctness, the derrick was used as the
calculation model to select different turbulence models and grid numbers, and the influence of these two factors on
the calculation results was analyzed.
Table 4 compares the calculation results of the k-ε model, RNG k-ε model, SST k-ω model, and RSM Reynolds
stress model within 180° of the wind direction and 36 m/s of the wind speed in the simulation.
Table 4. Calculation results of different turbulence models
Turbulence model

Fx (N)

Fy (N)

Ty (N•m)

k-ε

5.96×105

-1.15×104

2.35×107

RNG k-ε

5.96×105

-1.19×104

2.35×107

SST k-ω

5.98×105

-1.37×104

2.64×107

RSM Reynolds stress

5.91×105

-1.15×104

2.33×107

As can be seen in Table 4 that the calculation results of different turbulence models are similar and the deviation
is within 5%. Because the derrick is used as the truss structure, the differential pressure resistance is the main source
of force while the frictional resistance only accounts for a small proportion. The difference in simulation accuracy
of the four turbulence models is mainly due to the simulation accuracy of the boundary layer, which is mainly
affected by the frictional resistance. Considering the computation complexity, the k-ε turbulence model was selected
in this study.
When meshing the platform model, different mesh numbers were used by changing the mesh size of the

structural wall. The derricks were meshed by 0.8 million, 1.25 million and 2 million meshes, respectively,
corresponding to Mesh1, Mesh2 and Mesh3 models. The calculation results are shown in Table 5.
Table 5. Calculation results of different grid numbers

Grid number

Fx (N)

Fy (N)

Ty (N•m)

Mesh1

5.83×105

-1.27×104

2.37×107

Mesh2

5.95×105

-1.53×104

2.35×107

Mesh3

5.96×105

-1.50×104

2.36×107

As can be found in Table 5 that Fx in Mesh1 and Mesh2 are quite different, while the difference between Mesh2
and Mesh3 is very small. It can be considered that when the derrick grid reaches 1.25 million, the calculation result
will be stabilized. Therefore, Mesh2 was adopted in this study.

3.2 Finite element model establishment
The built model in Fig. 2 was imported into the ICEM CFD software for mesh division. Due to the complication
of platform structure, it is difficult to generate a structured grid. Hence, the entire computing domain was divided
into two parts: one was the inner domain of the surrounding model and the other was the simulated wind field outer
domain. The inner domain used an unstructured grid while the outer domain adopted an H-O structured grid. The
structured grid can reduce the number of grids and improve calculation accuracy. Under normal operation, the overall
model grid number is 1,798,332 and the number of nodes is 323,387; under self-existence condition, the overall
model grid number is 1,917,192 and the number of nodes is 325,830. The maximum number of iteration steps was
500 and each step took 1 s.
The mesh distributions for the two domains are shown in Fig. 6.

(a)

(b)

(c)
Fig. 6. Mesh distributions of the platform in the (a) inner domain and (b) overall model wall (c)outer domain.

The governing equations used the Reynolds time-averaged Navier-Stocks equation (RANS) combined with the
k-ε turbulence model and the finite volume method was used to discretize the equations; the difference format
adopted the high-order center format and the turbulence employed the first-order mode. The RANS can be written
as

(  ui ) = 0
xi



p
  u
(  ui ) + (  ui u j ) = − +   i
t
xi
xi
xi  x j

(3)

 
−  ui u j
 +

x
j


(

)

(4)

where ui is the time average velocity (m/s), i & j = 1, 2, 3, p is the design wind pressure (Pa), and μ (= 1.7894×10-5
kg/m/s) is a dynamic viscosity coefficient.
The entrance boundary adopted the speed entrance, while the exit boundary used the opening outlet. The top,
bottom, front, back and the structural wall of the watershed adopted the non-slip wall boundary, and the inner domain
and the outer domain were connected through the interface. The entrance wind speed took along the height
distribution function as [5]
 z 
V = V0  
 10 

0.1

(5)

where, V0 is the average wind speed at a height of 10 m above the sea surface, namely the design wind speed (m/s),
and z is the height from the sea surface (m).

3.3 Numerical simulation results
After post-processing analysis, the surface pressure and flow field velocity of the platform were obtained to
calculate the wind force and torque. Fig. 7 shows the flow field characteristic diagram of the platform in the selfexistence condition at a wind angle of 180°.

(a)

(b)

Fig. 7. Flow field characteristics of the platform in self-existence condition: (a) surface pressure and (b) flow field velocity.

In the simulation the wind load was calculated every 30° along the wind direction angle under a water depth of
400 ft and a wind speed of 36 m/s. Fig. 8 show the simulation results in normal operating and storm self-existence
conditions.

(a)

(b)

Fig. 8. Simulation results in (a) under normal operating and (b) self-existence conditions.

Since the platform is identical along the longitudinal centerline of the hull, it can be seen from Fig. 8(a) that the
calculated wind force and wind torque of the platform are basically symmetrical along the longitudinal centerline.
When the wind direction angle is 300°, the force of the platform is significantly higher than others because at this
angle the platform is the most stressed. In Fig. 8(b), the symmetry of the calculated wind force and wind torque in
the storm self-existence condition is better than that in the normal operating condition.
In the simulation, not only the wind load received by the platform was counted, but also the force of each key
component. Because the force directions of the key components are inconsistent to that of the platform, the wind
load of each key component was uniformly calculating along the x-axis. Figs. 9 and 10 shows the calculated wind
forces of the key components of the platform in the normal operating and under storm self-existence conditions,
respectively.

(a)

(b)

Fig. 9. In the normal operating condition: (a) wind Fx of the key components and (b) the proportion of each component to the
overall force.

(a)

(b)

Fig. 10. In the storm self-existence condition: (a) wind Fx of the key components and (b) the proportion of each component to
the overall force.

It can be seen in Figs. 9(b) and 10(b) that the proportion of the wind load affected by the local components of
the platform to the overall force of the platform in the descent order is: main hull, derrick + windshield, pile legs,
cantilever beam, crane and drilling floor. Among them, the main hull receives the largest wind and its trend with the
wind direction angle in Figs. 9(a) and 10(a) is consistent with the overall trend of the platform in Fig. 8; more
specifically, the maximum wind force occurs at 300° while the minimum wind force appears at 180°.
The variation trend of the cantilever beam is opposite to the main hull to some extent. The maximum wind
force appears at 120° and 240°, the minimum wind force appears at 0°, and from 0°-30° and 330°-360° the wind
force almost remains a small value. This is because at a small wind direction angle, the cantilever beam is affected
by the shadowing effect of the superstructure of the main hull of the platform, while the shadowing effect is reduced
at the side wind direction.
The proportion of the wind load received by the derrick and windshield structure is ranked the second among
all components. The position of the derrick is high, and it is less shielded by other components, so the changing of
the wind load is mainly caused by the shadowing effect of its own truss structure. As a result, the wind force curve
of the derrick and windshield structure is symmetrical with respect to the longitudinal centerline.

Although the drilling floor is located at a relatively high position in the platform structure, the wind load on the
rig is the smallest because its wind receiving area is very small. The wind forces of the pile leg and the crane are
smaller than the other components in the two design conditions.
As can be seen from the calculation results in Fig. 9 that with the same wind speed, the proportion of forces
exerted on the key components of the platform change with different wind directions, while with the same wind
direction angle, the proportion basically does not change with wind speed.

4. Wind tunnel tests
Wind tunnel test was carried out for the 400 ft jack-up offshore platform to investigate the range and variation
law of the wind load coefficient, as well as analyzing the shadowing effect between platform components. The test
was conducted in the Wind Tunnel Laboratory of Dalian University of Technology, China, which is an all-steel
structure single-flow closed-end boundary layer wind tunnel with a fully automated measurement and control system.
The aerodynamic profile of the wind tunnel is 43.8 m in length, 13.1 m in width and 6.18 m in height. The length of
the test section is 18 m, the cross section is 3 m × 2.5 m, the diameter of the turntable is 2 m, and the maximum
design wind speed is 50 m/s.

4.1 Wind speed and direction
For the wind load test of the jack-up platform, the first thing is to simulate the atmospheric mean wind speed
profile, that is, to ensure similar flow to the actual operation condition. In this test, by setting an appropriate
turbulence generating device in front of the wind tunnel working section and simulating the ground rough element,
the required wind speed profile and turbulence structure were obtained; the flow velocity varied along with the height
according to Eq. (5) with an average wind profile power index of 0.1.
According to the similarity theory, the scale ratio of physical quantities such as wind speed, wind force and
torque can be derived from the geometric scale ratio of the model [25]:

v = L t

(6)

F = L 2 v 2

(7)

M = F L = L 3v 2

(8)

where λv is the wind speed scale ratio, λF is the wind scale ratio, λM is torque scale ratio, λL is geometric scale ratio,
whose value is 1:200, λt is time scale ratio, whose value is 1:45. In this study, λv = 9:40, λF = 1:8×105; λM = 1:1.6×108.
Table 6. Wind tunnel test anemometer
Platform status

Actual wind speed

Wind speed in wind tunnel test

Normal operating

36 m/s

8.1 m/s

Storm self-existence

51.5 m/s

11.6 m/s

36 m/s

8.1 m/s

51.5 m/s

11.6 m/s

Towing conditions

In the wind tunnel test, the wind speed corresponding to each design condition is shown in Table 6. For the

force test, 24 wind direction angles were selected, ranging from 0° to 360° with an angular interval of 15°. The test
coordinate system was the same as the ANSYS simulation coordinate system, as shown in Fig. 5. The coordinate
system origin located on the bottom surface of the platform and the vertical bottom surface was upward in the z-axis
direction.
Before the test, the wind field has been calibrated. As shown in Fig. 11, the desired wind pressure and speed at
each height can be obtained by adjusting the position and interval between the grid and the rough element on the
ground through pressure scanning valves. If provide any real-time velocity and turbulence profile curves, the test
equipment can reproduce them by properly adjusting the position and interval. By doing so, in the following
experimental test the wind field was calibrated using the same wind profiles as in the simulation.

Fig. 11 Wind field calibration test

4.2 Wind tunnel test model
The force test model was geometrically similar to the actual platform. The rigid model was made of acrylonitrile
butadiene styrene (ABS) to ensure sufficient rigidity and strength while light weight that met the requirements of
wind tunnel test [27]. According to the similarity theory of wind field characteristics [25], the scale ratio of the test
model was 1:200 and the model blocking rate was 3.5%, as shown in Fig. 12. The test model was mounted on a sixforce pedestal balance. Prior to the wind tunnel test, the balance was calibrated by a loading test [28]. The sampling
frequency of the test was 100 Hz and the sampling length was 60 s, which corresponded to 45 min test in the actual
scale.
The 400 ft jack-up offshore platform was tested in normal operating, storm self-existence and towing conditions.
In the normal operating condition, the legs were fixed to the bottom of the sea, the platform raised to 15.5 m above
the water surface, and the derrick extended out of the platform. In the storm self-existence condition, the derrick was
retracted to the center of the platform, as shown in Fig. 12(b).

(a)

(b)

Fig. 12. Wind tunnel tests in the (a) normal operating and (b) storm self-existence conditions.

In the towing condition, the boots of the piles were retracted to the level of the platform baseline, while the
derrick was retracted to the center of the platform. The platform floated on the sea surface and may tilt and sway
with waves. The draft depth of the main hull was 6.4 m. The towing conditions were further divided into a 0°
elevation horizontal towing state, a 5° elevation towing state, and a 10° elevation towing state. In this way, the wind
loads generated by different elevation angles under the action of waves were analyzed. Three types of the elevation
towing states are shown in Fig. 13.

(a)

(b)

(c)

Fig. 13. Wind tunnel test in the towing condition: (a) 0° inclination, (b) 5° inclination and (c) 10° inclination.

In addition to the overall model test, separate wind tunnel tests were also carried out on the key components of
the platform to investigate the wind coefficient of each component. When performing individual component test, the
component model was installed 200 mm above the wind tunnel floor to ensure uniform flow and low turbulence. In
order to eliminate the three-dimensional effect of the end of the airflow, an appropriate horizontal thin plate was
installed at the bottom end of the model. The lower part of the thin plate was a windshield, which was installed on
the wind tunnel floor and separated from the test model, so as to ensure that the measured wind load was only on the
component.
The key components in the wind tunnel tests included (1) the main hull and cantilever beam part in the normal
operating conditions (including the main hull, cantilever beam, drilling floor and crane), (2) the main hull and
cantilever beam part in the self-existence conditions, (3) the derrick, and (4) the pile legs. It can be seen from the
calculation of the overall model that when the same wind direction angle is used, the overall and local forces of the
platforms with different wind speeds are basically the square relationship of the wind speed. This is mainly because
the real scale of the platform is large, and the Reynolds number has exceeded the critical Reynolds number, so the

drag coefficient of the platform structure no longer changes with the wind speed. Therefore, when the local model
is calculated independently, only one wind speed situation is calculated, and other wind speed situations can be
converted. Therefore, the derrick and the pile legs section are only used to calculate the wind load under normal
operating conditions. The design wind speed is 36m/s, and the corresponding wind tunnel test wind speed is 8.1m/s.
The tests are shown in Fig. 14.

(a)

(c)

(b)

(d)

Fig. 14. (a) main hull and cantilever beam in normal operating condition; (b) main hull and cantilever beam in the self-existence
state; (c) the derrick test; (d) the pile leg test.

4.3 Wind tunnel test results
Figs. 15 and 16 show the wind load versus wind direction for the jack-up platform in the normal operating,
self-existence and towing conditions.

(a)

(b)

Fig. 15. Wind load on the platform as a function of wind direction in the (a) normal operating and (b) self-existence conditions.

It can be seen from Fig. 15 that in the normal operating and storm self-existence conditions, the wind force and
wind torque of the jack-up platform are basically symmetrical along the longitudinal centerline of the main hull. The
shapes of the wind loads in the two conditions are similar to these in the simulation in Fig. 8. The wind load of the
platform reaches its minimum at 0° and maximums at 60° and 300°.

(a)

(b)

(c)

(d)

Fig. 16. Wind load on the platform as a function of wind direction in the towing condition: (a) wind force change at wind speed
50 kn; (b) Wind force change at wind speed 100 kn; (c) wind torque change at wind speed 50 kn; (d) wind torque change at wind
speed 100 kn.

It can be seen from Fig. 16 that under the two wind speeds and three tilting conditions, the curves of the wind
force and wind torque of the platform are basically consistent with each other. The peak values locate at 60° and the
minimums appear at 150° and 270°. However, the changing trend of the wind load in the towing is significantly
different from these in the normal operating and storm self-existence conditions. This is because in the towing
conditions the ratio of the wind force on the legs to the platform is much larger than these of the other two conditions;
moreover, most of the pile legs are not affected by the shadowing effect of the upper deck of the platform deck.
Figs. 17 and 18 respectively show the wind coefficients of different key components of the platform. The
general wind factor is defined as follows:
CF =

F
qh A

(9)

CM =

M
qh AL

(10)

where CF，CM are the wind coefficients; CF is the shear coefficient; CM is the moment coefficient; qh is the reference
wind speed pressure (Pa); qh=½ρ·Vh2; A is the orthographic area of the platform wind receiving member (m2); L
is the reference point of the combined moment at sea level (3.05 m below the mud surface); Vh is the reference wind
speed (m/s).

(a)

(b)

Fig. 17. Wind force coefficient of the main hull and cantilever beam part in the (a) normal operating and (b) storm self-existence
conditions.

(a)

(b)

Fig. 18. Wind force coefficient of the (a) derrick and (b) pile legs.

It can be seen from Figs. 17 and 18 that the wind load coefficient of each key component varies with the wind
direction angle. As a result, the platform can be optimally arranged according to the wind load coefficient. it can also
provide a reasonable value of the wind load factor for the calculation of wind loads [29-31]. In Fig. 17 as the wind
speed increases, the wind load coefficient decreases because the shadowing effect of the platform increases as the
wind speed increases. According to the wind load coefficient obtained from the wind tunnel test, the wind force and
wind torque can be calculated by Eq. (9) and Eq. (10). The data calculated by this method will be more accurate and
more realistic than the results obtained from the normative calculation and numerical simulation because the
influence of the shadowing effect is taken into account.
Fig. 19 show the comparison results of the three research methods of wind force and wind torque on the platform

under normal operating and self-existence conditions.

.(a)

(b)

Fig. 19. Comparison of the three different calculation results: (a) wind power and (b) wind torque.

It can be seen from Fig. 19 (a) that the simulated wind value is 25.59% smaller than the normative calculation
and 7.39% larger than the wind tunnel test; the simulated wind torque value is 22.85% smaller than the normative
calculation and 8.88% larger than the wind tunnel test. It can be seen from Fig. 19 (b) that the simulated wind value
is 24.50% smaller than the normative calculation and 13.82% larger than the wind tunnel test, while the simulated
wind torque value is 23.02% smaller than the normative calculation and 15.23% larger than the wind tunnel test
result.

5. Conclusion
With comprehensive investigation on the wind load of a 400 ft jack-up offshore platform using the normative
calculation, ANSYS CFX numerical simulation and wind tunnel test, the shadowing effect between the key
components of the platform is analyzed to provide a basis for the structure optimization of the platform. By analyzing
the three calculated values of the wind load on the platform in different operating conditions, the following
conclusions can be drawn.
(1) According to the overall trend, the order of the wind loads calculated by the three methods from large to
small is as: normative calculated value > ANSYS CFX simulation > wind tunnel test. The numerical simulation
value and the wind tunnel test value agreed well in the overall trend, while the normative calculation is obviously
conservative. Therefore, using numerical simulation to calculate the wind load of the offshore platform is highly
feasible, and the calculation results show high precision and high efficiency.
(2) The wind load varies with the wind direction angle. When the wind direction angle is 0°, 120° or 240°, the
difference of the calculated wind load is relatively large while when the wind direction angle is 90°, 180° or 270°
the difference is small. This is because at 0° the upper structure of the platform suffers a greater shadowing effect
than the main hull, cantilever beam and pile legs in the downwind direction, while at 90°, the shadowing effect is
smaller on the upper structure.
(3) In the storm self-existence condition, the difference of the calculated wind loads using the normative
calculation, ANSYS, and wind tunnel test is significantly larger than that in the normal operating condition. This is
because the shadowing effect on the upper structure of the platform increases with the wind speed. As a result, the
conservativeness of the normative calculation becomes serious.

(4) In the normal and self-existence conditions, the wind force and torque of the platform are basically
symmetrical along the longitudinal centerline of the main hull. The wind load is the largest when the wind angle is
300°, while it is the smallest when the wind angle is 0°. Therefore, in the platform design and layout, the 0° angle
direction of the platform must be arranged along the direction where both the frequency and speed of the wind are
high.
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